Laser-Induced Fluorimetry has been used to measure the concentration of uranium in the ground water samples collected from the selected study locations of Bangalore city, India. The concentration of uranium in the collected water samples is found to be in the range 0.24 μg/l to 770.1 μg/l, with a geometric mean (GM) value of 18.9 μg/l. About 35% of the water samples show the concentration of uranium above the safe limit of 30 μg/l, set by the United States Environmental Protection Agency (USEPA). The annual effective dose associated with the ingestion of uranium by the adult population of the region has been estimated using the International Commission on Radiation Protection (ICRP) and World Health Organization (WHO) guidelines. Few physicochemical parameters of water such as pH, Total dissolved solids (TDS), major cations, major anions, and trace elements were also measured. The correlation coeffi cient among the measured parameters was determined to fi nd the dependence, if any, on the concentration of uranium in the water samples.
INTRODUCTION
Uranium is a naturally occurring radioactive trace element found in rocks, soil, air, and water. It has both chemical and radiological toxicity, with the two important organs affected being the kidneys and lungs. [1, 2] The concentration of uranium in ground water depends on the lithology, geomorphology, and other geological conditions of the region. [3] In addition, the physicochemical parameters of the water at a specifi c location also infl uence the concentration of uranium. [4, 5] The concentration of uranium is not routinely measured as an indicator of drinking water quality, despite its toxicity. Hence, the measurement of concentration of uranium in drinking water is very important. The main objective of the present study is to measure the level of uranium in drinking water samples and the annual effective dose, due to the ingestion of uranium, from the health hazard point of view. The physicochemical parameters (pH, TDS, major cations, major anions, and trace elements) of all the water samples were also measured to fi nd the correlation if any with the measured uranium concentration.
Description of the study area
Bangalore district is located in the south eastern part of Karnataka. The geographical location of Bangalore is such that it has an altitude of approximately 920 m and is spread over an area of 2174 sq.km. ' 13". The most signifi cant rock unit in this area is the peninsular gneissic complex, comprising of younger and older granites, dolerite, and amphibolite dykes, laterite, charnockite, and amphibolite and pelitic schist. The rocks are made up of several types of potassium granites with variable color, texture, and multiple intrusion relationships. Ground water is the major source of potable water in this region because of the inadequate supply of treated water. The earlier study conducted at some locations of the study area has shown a wide range of concentration (3 μg/l to 515 μg/l) of natural uranium in drinking water samples. [6] This wide range and high concentration of uranium observed necessitated the undertaking of this detailed study on the concentration of uranium over the wide area, along with the physicochemical parameters. Figure 1 shows the sampling spots of the study locations.
MATERIALS AND METHODS

Sample collection
Potable ground water samples (borewell) were carefully collected from the study area along the specified directions in cleaned plastic containers. The pH, TDS and electrical conductivity of the fresh water samples were measured immediately. The fi ltered (Whatmann 42) water samples were analyzed for the concentration of uranium using a pre-calibrated Laser Induced Fluorimeter. A 50 ml water sample acidifi ed with 1 ml of HNO 3 was used for the analysis of major cations and trace elements. The methods/instruments used for the analysis of various parameters are listed in Table 1 .
The annual effective dose associated with the concentration of uranium in drinking water was calculated using the following relation. D = A*I*F where D is the annual effective dose due to concentration of uranium in water (μSv/y) A is the activity concentration of uranium in drinking water (Bq/l) (1 μg/l of U = 0.02528 Bq/l) I is the annual intake of drinking water (l/y) =730 l/y [7] at the rate of 2 l/day [8] and F is the dose conversion factor for uranium via ingestion = 4.65 × 10 -8 Sv/Bq. [7] RESULTS
AND DISCUSSION
The data obtained in the present investigation for the concentration of uranium and the physicochemical parameters for the drinking water samples collected from the study area are presented in Tables 2 and 3 . The concentration of uranium in the water samples is found to vary in the range 0.2 ± 0.005 μg/l to 770.1 ± 0.094 μg/l with a geometric mean (GM) value of 18.9 μg/l. About 35% of the samples show concentration of uranium higher than the safe limit (30 μg/l) as set by USEPA [9] and WHO. [10] The annual effective dose due to the ingestion of uranium is found to be in the range 0.2 μSv/y to 661 μSv/y with a mean value of 16.3 μSv/y. About 23% of water samples show the annual effective dose greater than the permissible dose of 100 μSv/y as prescribed by WHO (2004) . [8] The concentration of lead is found to vary from BDL to 25 μg/l with a mean value of 13.2 μg/l. About 30% of the water samples showed concentration of lead greater than the safe limit of 15 μg/l set by WHO. [11] The cadmium content of all the ground water samples is below the detectable GM: Geometric mean, GSD: Geometric standard deviation, SD: Standard deviation limit (BDL). The copper and zinc content in the water samples is also much lower than the safe limit of 1500 μg/l and 5000 μg/l, respectively, as set by the WHO. [11] In the present study, uranium showed a weak positive correlation (0.27) with lead, moderate correlation (0.44) with copper, and no correlation with zinc.
The fl uoride content of all the water samples was below the safe limit of 1.5 mg/l. The chloride levels of a majority of the water samples (except two) were well within the permissible limit of 250 mg/l. The carbonate content was found to be in the range 1.3 mg/l to 6.4 mg/l, with a mean value of 2.8 mg/l. Uranium had greater affi nity Figures 2-4 , respectively. The pie chart [ Figure 5 ] shows the percentage of water samples with different ranges of uranium concentration.
The pH of the water samples ranged from 5.6 to 8.5. Most of the water samples showed pH within the safe limit. The concentration of major cations of sodium and potassium were found to be in the range of 3.8 mg/l to 171.6 mg/l with a mean of 69.9 mg/l and 0.15 mg/l to 42.2 mg/l, with a mean of 5.8 mg/l, respectively, which were within the safe limit of 200 mg/l and 100 mg/l. The calcium levels were found to vary from 1.19 mg/l to 285 mg/l, with a mean of 55.2 mg/l. Only one sample was found to exhibit a calcium level greater than the safe limit of 200 mg/l, as set by WHO. [11] The magnesium concentrations of all the water samples were within the permissible limit of 100 mg/l. The correlation analysis of the various parameters measured in the present study revealed that there existed a strong correlation between calcium and magnesium (r = 0.82) and these two elements showed almost similar correlation with the other measured parameters.
The correlation matrix of uranium and other physicochemical parameters of water are listed in Table 4 .
The data obtained in the present study for the concentration of uranium in the drinking water samples is compared with the results reported by other investigators. The uranium content in the drinking water samples from United States, reported by Drury et al., [12] is in the range of 0.01 μg/l to 652 μg/l. Skeppstrom et al. [13] observed the uranium level in one private well in Stockholm Country, Sweden, to be 445 μg/l. Sridhar Babu et al. [3] have reported that the concentration of uranium in drinking water samples from Kolar, Karnataka, India, was in the range of 0.3 μg/l to 1443 μg/l. The results obtained in the present investigation are thus comparable with the values reported by these investigators. Cothern et al. [14] have reported the concentration of uranium in drinking water from the United States as being in the range of 0.02 μg/l to 6.99 μg/l. Kansal et al. [15] have obtained the uranium content in drinking water samples from Sirsa and Bhivani, Punjab, India, in the range of 6.37 μg/l to 43.31 μg/l. These values are comparatively lower than the values observed in the present study.
CONCLUSION
The concentration of uranium in 35% of the ground water samples collected from the study area of Bangalore crosses the permissible limit set by USEPA. As a result, the annual effective dose due to the ingestion of uranium through drinking water is also high. The concentration of lead in 30% of the ground water samples is high. However, the concentrations of cadmium, copper, and zinc are well below the safe limit. The fl uoride content of all the water samples is below the recommended level. The concentration of uranium shows a moderate positive correlation with copper, whereas, a weak positive correlation with lead, potassium, chloride, and carbonate ions.
